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A variety of surgical procedures have been
designed to correct varicose veins, including total or
partial stripping of saphenous veins, selective liga-
tion of sources of venous blood flow reflux, and seg-
mental preservation of superficial veins.1-10 Enlarged
perforating veins have been ligated or stripped. The
advent of subfascial endoscopic perforator surgery
has reawakened discussion about the role of perfo-
rating veins in the pathogenesis of chronic venous
insufficiency.11-19 Ligation of perforating veins has
been questioned.13,20 In the treatment of varicose
veins, aesthetic and functional considerations may be
conflicting. Risk of an unacceptable aesthetic result
is diminished when perforating vein ligation or strip-
ping is avoided or limited. In contrast, presence of
insufficient perforating veins increases the risk of vari-
cose vein recurrence, particularly when the saphe-
nous vein is preserved. This dilemma is accentuated
when future cardiac or infrainguinal arterial bypass
grafting with a saphenous vein is contemplated.
Color flow duplex ultrasonography (US) scan-
ning has facilitated and amplified preoperative eval-
uation.5,7,21-30 Not only the deep and superficial
veins can be evaluated for thrombosis,31 obstruc-
tion, or valvular insufficiency with significant reflux,
but also patterns of reflux can be identified. The
femoral junction, branches, tributaries, and perforat-
ing veins are being classified as sources for drainage
of reflux.7,32,33 Elimination of the principal sources
of reflux has resulted in decreased diameters of pre-
served veins.7,34 This decrease in diameter may
revert valvular insufficiency. These observations
must be further analyzed to improve anatomofunc-
tional interpretation of the perforating venous sys-
tem. The aim of this study was to correlate diameter
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Purpose: Treatment of chronic venous valvular insufficiency requires understanding of
the hemodynamics of perforating veins. To preserve normal veins or veins that can func-
tion normally once primary sources of valvular insufficiency are removed, a better
understanding of the diameter-reflux relationship is desirable. We measured reflux and
diameters in 500 perforating veins of patients with varicose veins (C2EPASPPR).
Methods: Color flow duplex ultrasonography scanning was performed with the patient
standing. Perforating veins were mapped medially in the thigh and medially, laterally,
and posteriorly in the calf. Reflux was defined as reverse flow that lasted longer than 0.5
seconds. Diameters were measured on B-mode transverse projections at the crossing of
the fascia. Competent versus incompetent vein diameters were compared by means of
Student t test, one-way analysis of variance, and Bonferroni t test. 
Results: Diameters of competent and incompetent perforators averaged 2.5 ± 0.9 mm (n
= 17) and 4.7 ± 1.9 mm (n = 17) at the medial thigh (P < .0002), 2.2 ± 0.8 mm (n =
179) and 3.7 ± 1.0 mm (n = 210) at the medial calf (P < .0001), 2.2 ± 0.6 mm (n = 13)
and 3.5 ± 0.8 mm (n = 37) at the posterior calf (P < .0001), and 2.1 ± 0.8 mm (n = 9)
and 3.3 ± 0.7 mm (n = 18) at the lateral calf (P < .003), respectively. Perforating vein
diameters of 3.5 mm or larger in the calf and thigh were associated with reflux in more
than 90% of the cases.
Conclusion: An enlargement in the diameter of the perforating veins of 1 to 1.5 mm in
the calf or 2 mm in the thigh of patients with varicose veins could be the difference
between normal flow and reflux. Further studies are needed to confirm if elimination of
reflux in patients with primary varicosity will transform incompetent perforators to
competent ones. (J Vasc Surg 1999;30:867-75.)
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and functional status of perforating veins in a select
patient population being treated for varicose veins.
This information may improve selection of veins that
should be treated or might be preserved. 
METHODS
US was performed in patients who were candi-
dates for surgical treatment of varicose veins. Patients
were entered in the study until 500 perforating veins
were evaluated. Data from 116 limbs of 78 patients,
63 women (81%) and 15 men (19%), were entered.
According to the Clinical, Etiologic, Anatomic, and
Pathophysiologic (CEAP) classification recommend-
ed by the American Venous Forum,35-38 all limbs
were in the clinical class C2–varicose veins. Eleven
limbs (9.5%) had edema–class C3. No patients were
class C4–significant skin changes. No patients were
class C5–healed ulceration or class C6–active venous
ulceration. Etiologic classification placed all patients
in the primary EP group. There were no patients with
congenital, known thrombotic, or traumatic causes
of venous insufficiency. In all limbs, the greater
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Fig 1. Color flow duplex ultrasound scan of a medial calf perforating vein. Diameter was
measured as the vein traversed the fascia. Flow is in the superficial-to-deep vein direction on
the top and deep-to-superficial vein direction on the bottom (reflux).
A
B
saphenous vein was affected with reflux noted above
the knee, below the knee, or both (AS). Deep venous
insufficiency (AD) was noted in 11 limbs (9.5%). The
AP perforating vein anatomic classification is the pri-
mary objective of this work and is described in detail
in the results section. The pathophysiologic classifica-
tion was PR, with all limbs having reflux but no
venous obstruction. Complaints of moderate pain
were associated with 60 limbs (51.7%) requiring
analgesics (clinical score 2) and with 37 (31.8%)
limbs not requiring analgesics (clinical score 1). Fifty-
six limbs (48.2%) were asymptomatic, and 60
extremities (51.7%) were symptomatic but function-
ing without support device. In this series, there were
no patients who were incapacitated for work. 
Standard US techniques were used to evaluate
deep, superficial, and perforating veins.5,7,21,22,26,29,31
A US scanner equipped with a 7.5-MHZ transducer
was used in all cases (ATL HDI 3000, Advanced
Technology Laboratories, Bothell, Wash). The test was
performed with the patient standing. Femoropopliteal
veins were evaluated for thrombosis, chronic obstruc-
tion, or significant valvular insufficiency with reflux. In
addition, sources and drainage of reflux were defined
for the greater and lesser saphenous veins.7,32,33
Furthermore, perforating veins were detected at the
medial aspect of the thigh and at the medial, lateral,
and posterior aspects of the leg. All thigh perforators
included in this study had direct communication with
the great saphenous vein. Distance from the base of
the foot was determined for each perforator encoun-
tered. Measurement of the perforating vein diameter
was performed in a B-mode transverse section at the
site at which the vein perforated the fascia (Fig 1).
Perforating flow was analyzed with color flow and
Doppler spectral analysis in longitudinal section, dur-
ing compression of the leg above and below the level
of the perforator being examined. Manual compres-
sion was performed to provide flexibility in the evalu-
ation of veins with varied anatomical configurations.
Significant perforating vein reflux was defined as
reverse flow lasting longer than 0.5 seconds.
Average diameters of competent and incompe-
tent perforators at the medial aspect of the thigh
and the medial, posterior, and lateral aspects of the
leg were compared by means of Student t test, one-
way analysis of variance (ANOVA), and Bonferroni
t test. The Microsoft Excel program Student t test,
two-tail, two-sample, unequal variance (hetero-
scedastic) was used to calculate the P values shown
in Table I. These statistics were also used to 
compare average longitudinal positions of perforat-
ing veins.
RESULTS
There were 282 (56.4%) incompetent perfora-
tors in this sample population. Among the incompe-
tent perforators, most were located medially in the
calf (210; 74.5%); the others were located posterior-
ly in the calf (37; 13.1%), laterally in the calf (18;
6.4%), or medially in the thigh (17; 6.0%). Most
competent perforators were also located medially in
the calf (179; 82.1%); the remainder were located
posteriorly in the calf (13; 6.0%), laterally in the calf
(9; 4.1%), or medially in the thigh (17; 7.8%). 
The average longitudinal location in the thigh,
measured as the distance from the popliteal crease,
was similar for competent (17.1 ± 9.9 [SD] cm) and
incompetent (21.0 ± 16.4 cm) perforating veins (P =
.63). Ranges for competent and incompetent perfo-
rating veins in the thigh were 8 to 51 cm and 5 to 60
cm, respectively. Average longitudinal location in the
calf, measured as the distance from the base of the
foot, was similar for competent posterior perforators
(28.8 ± 6.2 cm) and incompetent posterior perfora-
tors (28.5 ± 6.6 cm; P = .88), competent lateral per-
forators (24.2 ± 4.0 cm) and incompetent lateral per-
forators (24.1 ± 6.2 cm; P = .93), and competent
medial perforators (21.9 ± 6.4 cm) and incompetent
medial perforators (22.7 ± 6.7 cm; P = .23). Medial
perforators were found at a more distal location than
posterior perforators by means of one-way ANOVA
with Bonferroni t test (P < .001). Ranges for compe-
tent and incompetent perforating veins were 18 to
37 cm and 15 to 36 cm for posterior calf perforating
veins, 18 to 30 cm and 15 to 35 cm for lateral calf
perforating veins, and 10 to 39 cm and 7 to 42 cm
for medial calf perforating veins, respectively.
Table I shows the average diameters obtained for
competent and incompetent perforators in the thigh
and calf. No statistically significant difference in the
diameter of competent perforators in the four loca-
tions was shown by means of one-way ANOVA with
Bonferroni t test (P = .49). By means of similar test-
ing, incompetent thigh perforators were demon-
strated to have larger diameters than calf perforators
(P < .05). In the thigh, perforating vein diameter of
3.5 mm or larger was predictive of reflux in 92% of
the cases (12 of 13 cases); diameters smaller than 3
mm predicted lack of reflux in 81% of the cases (13
of 16 cases), and all 10 perforating veins with a
diameter smaller than 2.5 mm were competent. Figs
2 and 3 show the cumulative and interval reflux pos-
itive- and negative-predictive values as a function of
calf perforating vein diameter. Calf perforating vein
diameter of 3.5 mm or larger was predictive of reflux
in 90% of the cases (137 of 152 cases); vein diame-
JOURNAL OF VASCULAR SURGERY
Volume 30, Number 5 Sandri et al 869
ter smaller than 2.2 mm was predictive of lack of
reflux in 92% of the cases (119 of 130 cases).
DISCUSSION
Many reports have described the role of incom-
petent perforating veins as the cause of primary, per-
sistent, or recurrent varicose veins.39-48 Patients are
concerned with the aesthetic results of varicose vein
surgery. Better aesthetic results could be achieved if
fewer perforating veins were ligated. In planning
surgery for varicose veins, we also consider saphe-
nous vein preservation for future coronary or infrain-
guinal artery bypass grafting procedures. Guidelines
suggesting which perforators should be ligated are
lacking. In an attempt to formulate quantitative
guidelines, we considered that a significant number
of perforating veins have reflux caused by venodila-
tion with diameter enlargement that renders the
valves incompetent. If the primary source of reflux is
eliminated, perforating vein diameter may diminish
and the valves may regain competency. Therefore, as
a first step, we investigated the prevalence of reflux as
a function of perforating vein diameter in a homoge-
neous patient population classified as clinical class C2,
according to the CEAP classification endorsed by the
American Venous Forum.35-38
JOURNAL OF VASCULAR SURGERY
870 Sandri et al November 1999
Fig 3. Interval predictive values for reflux in calf perforating veins. Interval positive- and neg-
ative-predictive values were calculated for 0.5 mm ranges around the center values plotted.
NPV, negative-predictive value; PPV, positive-predictive value.
Fig 2. Cumulative predictive values for reflux in calf perforating veins. Cumulative negative-
and positive-predictive values were calculated for diameters smaller than or larger than that
plotted at the horizontal axis, respectively. NPV, negative-predictive value; PPV, positive pre-
dictive value.
We performed perforating vein diameter mea-
surements and reflux detection by means of color
flow duplex US scanning. This noninvasive test has
become the practical standard for lower-extremity
venous evaluation.5,7,25-27,31-33,44-46,48-49 The diag-
nosis of deep venous thrombosis with US scanning
is well established.31 Many US studies have been
directed toward the diagnosis of chronic venous
insufficiency and the relation of perforating veins to
venous stasis ulceration or less-severe complications.
Unlike venography, the US test can be repeated
without risk and readily provides functional flow
evaluation, including the evaluation of perforating
veins before varicose vein surgery or even subfascial
endoscopic perforator surgery. 
There were no unusual perforating vein anatom-
ical findings in the patient population studied. Most
perforating veins were found in the medial aspect of
the calf. These veins communicated primarily to the
posterior arch of the greater saphenous vein in the
leg. Virtually all the posterior calf perforating veins
communicated with the lesser saphenous vein. All
the lesser saphenous vein perforators communicated
either with a muscle vein or with one of the major
deep veins. Lateral perforating veins had complex
connections with either the greater or lesser saphe-
nous veins. Thigh perforators communicated with
the greater saphenous vein. 
We opted for a commonly used criterion to
determine reflux in perforating veins, based on a
duration of reverse flow of greater than 0.5 seconds.
Manual compression was used to elicit reflux. This
maneuver improves flexibility in evaluating veins
with different anatomical orientations. The appro-
priate quantification of reflux is still being scruti-
nized. Veins with abrupt closure of reverse flow were
considered competent, regardless of reverse flow
duration. Reflux severity may depend on a complex
interaction involving time, blood velocity, and blood
volume. The criterion used is simple and can be
reproduced easily. 
The availability of US testing before varicose vein
surgery has fomented analysis of reflux patterns and
diameter-reflux relations.7,32,33,49 Engelhorn et al
published data showing that the average diameter of
incompetent greater saphenous veins was 2 mm
wider than that of competent saphenous veins at the
femoral junction (7.7 vs 5.7 mm) and midthigh (5.5
vs 3.3 mm) and 1 mm wider at midcalf (3.5 vs 2.5
mm).49 These authors also indicated that a greater
saphenous vein diameter wider than 8 mm, 6 mm,
and 4 mm at the femoral junction, midthigh, and
midcalf, respectively, was predictive of reflux with
near certainty. On the other side of the spectrum,
diameter smaller than 5 mm, 3 mm, and 2 mm were
associated with lack of reflux at the same three
respective levels. These guidelines may be used to
help make the decision for stripping or segmental
preservation of the greater saphenous vein.
The prevalence of incompetent perforating veins
in class C2 limbs in this series matched the data pre-
sented by Delis et al with one variance: we detected
more incompetent perforators in the posterior and
lateral aspects of the calf than medially in the
thigh.47 Otherwise, most incompetent perforators
were detected medially in the calf in both investiga-
tions. Posterolateral thigh perforator vein incompe-
tence must be recognized for the treatment of indi-
vidual patients, but its prevalence is low;46 therefore,
cases with this condition were not included in this
analysis. 
The diameters of competent perforating veins
measured in this series of patients with varicose
veins, averaging 2 to 2.5 mm, were similar to those
described by Labropoulos et al (average, 2 mm for
class C2; increasing to 2.6 mm for class C6) and
Hanrahan et al for competent perforating veins in
patients with venous stasis ulcers.48,23 These values
were similar to the diameters of competent greater
saphenous veins at midcalf.49 Such diameters, how-
ever, may not be considered normal; in a control
group of healthy volunteers studied by Hanrahan
and co-workers, the average diameter of competent
perforators was 1.4 mm.23 Furthermore, the diame-
ters of competent perforators increase with the
severity of chronic venous disease.48 Although valves
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Table I. Average diameters obtained for competent and incompetent perforators in the thigh and calf
Diameter
Location Competent perforators Incompetent perforators P value
Medial thigh 2.5 ± 0.9 mm (n = 17) 4.7 ± 1.9 mm (n = 17) < .0002
Medial calf 2.2 ± 0.8 mm (n = 179) 3.7 ± 1.0 mm (n = 210) < .0001
Posterior calf 2.2 ± 0.6 mm (n = 13) 3.5 ± 0.8 mm (n = 37) < .0001
Lateral calf 2.1 ± 0.8 mm (n = 9) 3.3 ± 0.7 mm (n = 18) < .003
may become incompetent when under physiological
stress, they can still be functional within certain lim-
its of venodilatation.50 From this data, we raised the
hypothesis that perforating veins can dilate at least 1
mm without becoming incompetent.
The average diameter of incompetent perforating
veins was smaller in limbs with varicose veins, as
described in this work, than in limbs with venous
ulcers, as described by Hanrahan (3.5 vs 4.4 mm).23
Our data confirmed those previously described by
Labropoulos et al for class C2; these authors also con-
firmed that incompetent perforators in limbs with
skin changes and healed or active ulcers had diame-
ters averaging 4.4 to 4.5 mm.48 We demonstrated
that incompetent perforating vein diameters were
larger in the thigh than in the calf. Nevertheless,
diameters larger than 3.5 mm were predictive of
reflux with virtual certainty in the entire lower
extremity. In a population that also included patients
who had limbs with skin changes and ulcers,
Labropoulos et al indicated that diameters larger
than 3.9 mm was reliably predictive of reflux.48 In a
similar population of patients with varicose veins, the
average diameter of incompetent greater saphenous
veins also averaged 3.5 mm in the calf.49 It is proba-
ble that perforating veins, acting either as the source
or drainage of saphenous vein reflux, have matching
diameters as a continuum. 
A significant decrease in the diameter of greater
saphenous veins after ligation at the femoral junction
has been described.7 The diameter of perforating
veins can also be reduced postoperatively. Stuart et al
demonstrated a 1-mm reduction of median perfo-
rating vein diameter, from 4 to 3 mm, after saphe-
nous vein ligation and/or stripping and multiple
phlebectomies.34 These authors also showed that
incompetent perforating veins continue to be
detected after surgery in the presence of deep vein
reflux or failure to abolish the main stem superficial
venous reflux. In this study population, less than
10% of the limbs had detectable deep vein reflux.
Anecdotally, as we have monitored patients after
varicose vein surgery, we have observed that the
diameter of deep veins can diminish and deep vein
reflux can disappear. Patterns of reflux must be stud-
ied in detail before we can predict the appropriate
link between deep vein and perforating vein refluxes
in individual patients. 
A relationship between patterns of reflux and the
diameter of greater saphenous veins has been
demonstrated.32 Diffuse reflux from femoral junc-
tion to ankle formed a group of greater saphenous
veins with the largest average diameter. Next in size
were veins with proximal reflux from the femoral
junction to a branch or perforator above or below
the knee. Veins with segmental reflux starting distal
to the femoral junction and ending proximal to the
ankle had larger diameters than veins with reflux lim-
ited to their portion at the distal calf. All groups of
veins with reflux had average diameters significantly
wider than that of greater saphenous veins without
reflux.
By design, after ligation at the femoral junction,
a proximal segment of the saphenous vein may have
reverse flow from a tributary source to a distal
drainage vein.7 Otherwise, the proximal saphenous
vein may thrombose from the junction to the next
branch. Therefore, a perforating vein may become a
source of reverse flow, drainage of reverse flow, or
drainage of normal, distal saphenous flow into the
deep system. In these circumstances, the perforating
vein may have an enlarged diameter that is wider
than normal. Not only must we consider the diame-
ter of perforating veins in the decision-making
process of their ligation, but also we must under-
stand the role played by such communicating veins
before varicose vein surgery.
In summary, treatment of chronic venous valvu-
lar insufficiency is evolving toward definite, pre-
dictable outcomes.51 The CEAP classification is
forcing a unified description of patients. It is not
enough, however, to simply describe the patients
studied. Investigation should be focused on very
specific patient populations. We limited our study to
a select group of patients with varicose veins, CEAP
clinical class C2. We demonstrated that the presence
of reflux in perforating veins may be dependent on
diameter differences of approximately 1 to 2 mm.
Calf perforating veins are probably normal, abnor-
mal but competent, incompetent, or severely incom-
petent with diameters in the 1.5-, 2.5-, 3.5-, and
4.5-mm range, respectively. These diameter observa-
tions were consistent with published data about the
greater saphenous vein, particularly at the calf level,
obtained in similar populations. The hypothesis that
perforating veins could become competent after
elimination of primary sources of reflux has been
raised. Such cases have been described in the litera-
ture. In contrast, there is little evidence to support
leaving an incompetent perforating vein with a
diameter wider than 4.5 mm in the calf. Further
research is recommended to determine if postopera-
tive diameter reduction is a function of original
diameter and/or patterns of flow in the deep, super-
ficial, communicating, and/or perforating veins of
the lower extremities. To better understand the fate
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of perforating veins after varicose vein surgery, the
effects on diameter and reflux patterns of greater
saphenous vein valvuloplasty or high ligation, alone
or with limited or complete stripping, should be
evaluated in detail.
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DISCUSSION
Dr Bo Eklof (Honolulu, Hawaii). Sergio Salles-Cunha
and his international group present an interesting hypoth-
esis: if the primary source of reflux mainly in the saphe-
nous system is eliminated, perforating vein diameter may
diminish and the valves may regain competency. Thank
you very much for the manuscript.
Guidelines suggesting which perforators would be li-
gated are lacking. At the breakfast debate at the last
American Venous Forum meeting, Peter Gloviczki and
Kevin Burnand were battling about the importance of
incompetent perforators and the role of subfascial endo-
scopic perforator surgery. To gain more information, the
authors have investigated the prevalence of reflux as a
function of perforating vein diameter in a homogenous
patient population classified as clinical class C2–varicose
veins, according to CEAP. There were no class C4–skin
changes, C5–previous ulcer, or C6–active ulcers in their
group. All patients had primary venous disease.
Anatomically, there was incompetence of the long saphe-
nous vein and perforators in all patients, combined with
deep venous incompetence in approximately 10% of
patients. Pathophysiologically, all patients had reflux.
There were no obstructions, and 51.7% of the limbs were
symptomatic, with pain. That is, a group of patients with-
out complications of their primary varicose veins. There
were 500 perforators in 116 limbs in 78 patients; 282 per-
forators, more than 50%, were incompetent. Most perfo-
rators, 75%, were located medially in the calf, 22.7 cm
from the base of the foot. In the thigh, a perforating vein
diameter larger than 3.5 mm indicated reflux in 92% of the
cases. Calf perforating vein diameter larger than 3.5 was
predictive of reflux in 90% of the cases.
Do perforators above the knee connect with the long
saphenous vein? Below the knee, do they connect to the
long saphenous vein, the posterior arch, or the short saphe-
nous vein? To test your hypothesis, how would you design
further studies? Would you do a valvuloplasty at the proxi-
mal long saphenous vein? Would you do high ligation?
Would you combine high ligation with stripping below the
knee or down to the ankle? Would you leave a perforator
that is more than 4.5 mm in diameter in this group? What
is your opinion on the Chiva theory on the role of thigh
perforators as reentry vessels for the incompetent long
saphenous vein? Because I am a believer in the significant
role of the incompetent perforator in chronic venous dis-
ease, I always take part in marking all the perforators in the
vascular laboratory. The time has come for us to have a
duplex scanner in the office, so that we can learn how to
diagnose and mark the incompetent perforators, among
other things. We have tried to stimulate the industry to pro-
duce a cheaper, simpler scanner for routine use in the office,
an extension of the hand-held vascular surgery Doppler.
I thank the president and the Forum for the privilege
of discussing this important paper. Thank you.
Dr João Luis Sandri. I want to thank Dr Eklof for the
questions.
Your first question was, do the perforators above the
knee connect with the long saphenous vein? Yes, they do
connect; however, perforators were a direct source of
reflux in only 3% to 4% of cases, according to Engelhorn’s
poster outside.
Your second question was whether perforators below
the knee connect to the long saphenous vein, posterior
arch, or short saphenous vein. We observed that the per-
forators communicate mostly with the posterior arch.
Once more, according to Engelhorn’s poster, perforating
veins were the direct source of calf greater-saphenous-vein
reflux in only 7% of cases and lesser-saphenous-vein reflux
in 12% of cases.
With your third question, you have given us good ideas
to test our hypothesis and design of further studies. We are
now in the first step of our study, that is, just disconnec-
tion, high ligation of the saphenous femoral junction to
abolish reflux source and resection of varicose veins.
We do not leave perforators larger than 4.5 mm. We do
ligate them because it is a severely abnormal incompetence.
This is the size that links to complications, such as induration
and ulceration. When the larger perforator is connected to a
branch that is going to be avulsed, however, we don’t go
after the perforator to avoid a possibly larger scar incision.
We don’t use the classic French method, but we pay
attention to the sources of reflux, rather than drainage. If
we have to intervene, we would ligate or strip the saphenous
vein, ligation when the diameter is 6 to 8 mm and stripping
when the diameter is more than 10 to 11 mm. Today, we
know that approximately 70% of disconnected saphenous
veins show a significant reduction in size after ligation, but
larger sizes fail to do so.
I would once more like to, in the name of my col-
leagues, thank you for the opportunity to present this paper.
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